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EXPERIMENT NO:01

CENTRIFUGAL PUMP TEST RIG

(SINGLE STAGE)

AIM: Performance characteristics at variable speed of centrifugal pump.

THEORY: A centrifugal pump consists of an impellor, which imparts rotary motion to a mass of water content in the surrounding chamber/casing. Centrifugal forces the water out of the casing through the discharge out let. A partial vacuum thus created in the center makes available atmospheric pressure to force in more water through a suction pipe. This process continues so long as motion is imparted to the rotor and consequently continues supply of water by the pump is available. 

A. Constructional details: After dismantling a single stage centrifugal pump it is found to consist of the following parts.

1 Rotor. It is a rotating element, which is provided with a number of vanes. It is usually known as an impeller.

2. Casing or chamber: It surrounds the impeller and forms a passage for flow of water.

3. Suction pipe: it connects the inlet of the pump to the sump from which the water is to be pumped.

4. Strainer: it is provided at the lower end of the suction pipe which prevents the solid bodies and debris from entering the pump which if not prevented will result in damaging the impeller.

5. Foot valve: it is one-way valve provided above the strainer. It keeps the suction pipe filled with water when the pump is stopped. Such an arrangement helps the pump in starting which otherwise will not be possible with out priming (i.e., filling the pipe and pump with liquid.)

6. Delivery pipe: it leads water from the outlet of the pump to the desired point.

7. Delivery valve: it is provided on the delivery pipe just near the outlet of the pump. Its purpose is to control the flow into the delivery pipe.

8. Prime mover: it drives the shaft of on impeller. It may be an I. C. engine or electric motor.
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OPERATION OF A CENTRIFUGAL PUMP:

          The operation of a centrifugal pump involves the following steps: 

1. Prime the pump: Priming means filling the suction pipe, casing of the pump and a portion of the delivery pipe upto the delivery valve with the liquid to be pumped so that the air is completely driven out of these elements.

2. After priming: Keeping the delivery valve still closed, start an electric motor or an engine to rotate the impeller. The rotation of the impeller inside the casing, which is full of water, will produce a vortex which is a responsible for imparting a centrifugal head to the water. It will also cause a reduction of is pressure at the center of the impeller and thus water will rush through the suction pipe.

3.When the impeller attains a normal sped, the delivery valve is opened to give a continuius supply of water through the delivery pipe.

B. Trouble and their causes 
                The common troubles and their causes experienced in a centrifugal pump are given as under:

1. Trouble: insufficient cpacity or pressure and failure to deliver water/liquid. 

 Causes:     a. Improper priming of the pump.

a. Too low a speed.

b. Too high a discharge head.

c. Too high a suction lift.

d.  Wrong direction of rotation.

e. Air leskage in the inlet pipe.

f. Foot valve clogged with foreign matter.

g. Mechanical defects.

h. Foot valve too small.

i. Foot valve not immersed deep enough.

2. Trouble: Pump losses water/liquid after starting.

Causes.     a. Leaky suction.

                 b. Lift too high.

                 c. Excess amount of air or gases in water/liquid.

3.   Trouble: Pump takes too much power.

Causes.     a. Speed too high.

                 b. Pumping too much water/liquid.

                 c. Liquids pumped of different specific gravities and viscosities than those for                         which the pump is designed.

                 d. Mechanical defects.

4.   Trouble . Pump vibrates and produces noise. 

Causes. (1) Misalignment.


  (2) Cavitations.

              (3) Mechanical defects (e.g. Bent shaft; worn out bearings etc.)   

OBSERVATION TABLE:

	s.no.
	Suction pressure
	Delivery pressure
	Time taken for 20 cm rise in tank
	Time for one revolution of energy meter
	R.P.M

(N)

	
	
	
	
	
	


EXPERIMENT NO:02

MULTISTAGE CENTRIFUGAL PUMP TEST RIG

AIM: Performance characteristics of multistage centrifugal pump.

.

THEORY:

           If a centrifugal pump consists of two or more impellers, the pump is called a multistage centrifugal pump. The impellers may be mounted on the same shaft or on different shafts. A multistage pump is having the following two important functions:

SET UP:

The multistage centrifugal pump and motor are mounted on a ms rectangular tank with a facility constant speed by means of coupling drive. The outlet and pipes are fitted with the discharge and vaccum gauges at respective places. A panel board is used to fix started as well as energy meter.

PROCEDURE:
1. Prime the pump before starting.

2. Start the pump. A digital hand held tachometer is used to measure the speed.

3. Set the desired discharge of the pump by operating the delivery valve. Note down the pressure and vacuum gauge reading. Time taken for 5 revolutions of the disc of the energy meter. Also note down the time taken 20 cm rise of the water level in the collecting tank.

4. The values are tabulated in the given tabular column.

PRECAUTION:

Do not close the delivery gate valve at any time.

PROCEDURE:
1. Open the gate valve in delivery pipe fully.

2. Start the motor.

3. Throttle the gate valve to get the required head.

4. Note down the following-

a. The speed of the pump (n)

b. Pressure gauge and vacuum gauge readings.

c. Time taken for 5/10 revolutions in the energy meter.

d. The time taken for 20 cm rise in the water level in collecting tank.

	s.no.
	Suction pressure
	Delivery pressure
	Time taken for 20 cm rise in tank
	Time for one revolution of energy meter

	
	
	
	
	


CALCULATION

Input the pump = input motor H.P. x motor efficiency x transmission efficiency

                                               (No. of rev.)              1000 x 3600

Horse power of the motor =  ---------------- x  ------------------------------- K

               
                                           T                 736 x energy meter const.

Output of the pump:

Delivery pressure
= 
P kg / sq cm x 10
=

mt.

Inlet pressure

=  
P sq cm of Hg x 0.136
=
mt

Initial ht. Of the water column in the tank
= 
     X        cm

Final ht. of the water column in the tank
= 
     X        cm

Volume of water pumped = (X-X) x area of tank in sq cm



                (X-X) x A



       Q = ----------------- cu. m




          106

Area of tank  = A = a x b = in sq cm

Quantity of water pumped in
= Q/T cu. m /sec.





W x Q x H                   1000 x Q x H 

Output of the pump = Y = ------------------------  =   ------------------- in HP

      76


        75


            Output of the pump 

Mech. Efficiency of the pump =   -----------------------------




            
Input of the pump





Input of the pump = Input of the motor x Motor efficiency x Transmission efficiency 

                                                K x 0.70 x 0.4





= ----------------------    = Z





              746 



    


   Y

Mech   =       ------- x 100 %

   Z  

Draw the following graphs: -

· Q
Vs
Head 

· Q
Vs
Power consumed

· Q
Vs
Mechanical efficiency

VIVA QUESTIONS:
1. What is priming? Why is it necessary?

2. How is the selection of pumps made?

3. State the difference between single stage and multistage pumps.

4. What is ‘Euler head’?

5. Describe multi-stage pump with a) impeller in series and b) impellers in parallel.

EXPERIMENT NO:03

RECIPROCATING PUMP TEST RIG

(CLOSED TYPE)
AIM- 

        To study the characteristics of the reciprocating pump at variable speed.

THEORY: 

                       The pump and the motor are fitted on a MS rectangular sump tank. An energy meter along with starter is provided for determination of input to the motor. The pump is belt driven by an A.C motor. The pump can run at four different speeds by the use of v-belt and stepped pulley system. The belt can put into different grooves of the pulley for the different speeds quickly by loosening the belt. Special arrangement is provided for quick alteration of speed. Pressure gauge and vacuum gauge are provided and the required pipelines are also provided.

The reciprocating pump is a positive displacement piston pump. The cylinder has got two valves, one allowing water into the cylinder from the suction pipe and the other allowing water from the cylinder into the delivery pipe. 

During the suction stroke a partial vacuum is created inside the cylinder the suction valve opens and water enters into the cylinder. During return stroke (delivery stroke) the suction valve closes and the water inside the cylinder is displaced into the delivery pipe through the delivery valve. Incase of double acting pump, two sets of delivery and suction valves are provided and so for each stroke one set of valves are operated and there is a continuous flow of water. Usually an air vessel is fitted on delivery side.

INSTRUCTIONS-

1. Check the oil level before starting the pump. If it is less than the oil level fill the pump with SAE 40 oil.

2. To get proper lubrication please turn the pump pulley by hand both ways before starting.

3. Don’t run the pump with chocked delivery or dry suction line.

4. Tight the packing gland by hand without using any tools.

	s.no.
	Speed
	Suction pressure
	Delivery pressure
	Time taken for 20 cm rise in tank
	Time for one revolution

	
	
	
	
	
	


CALCULATION-
Swept volume of the piston Qs =   D2 x L x   N        m3/sec.

4 60

            Where, D = diameter of piston.

                        L = length of piston.

                        N = speed.

Actual discharge Qact = A/T   m3/sec.

            Where, T = time for rise in water level in collecting tank(in secs).

                        A = area of collecting tank in m3.

% Slip = Qt – Qa  x 100

                    Qt

Input to the motor = no. of revolutions   x      1000 x 3600
                 

                                          Time                 energy meter Const.        

Total head H = (Hs +Hd)

       Where, Hs = suction head. 

                    Hd = discharge head. 

Out of the pump = 1000 x Qa x H
                                        75

Overall efficiency  = Output x 100

                                   Input

                             =   BHP
x 100

                                  Input HP

VIVA QUESTIONS:

1. How are reciprocating pumps classified?

2. Define slip, percentage slip and negative slip of a reciprocating pump.

3. Define indicator diagram.

4. What is an air vessel?

5. What are the uses of air vessels?

EXPERIMENT NO :04

PELTON WHEEL TURBINE TEST RIG

(CLOSED CIRCUIT)

AIM:

      Performance characteristics of Pelton wheel turbine. 

       THEORY:

             The Pelton wheel or Pelton turbine is a tangential flow impulse       turbine. The water strikes the bucket along the tangent of the runner. The energy available at the inlet of the turbine is only kinetic energy. The pressure at the inlet and the outlet of the turbine is atmosphere. This turbine is used for high heads and is named after L.A. Pelton, an American Engineer.

INTRODUCTION:

The closed circuit self sufficient portal package system Pelton wheel turbine is of improved version. This system has several advantages, like does not require foundation, trench work etc. so that the experiment can be conducted with the unit soon after arrival of the equipment and it can be placed anywhere in the laboratory.  

        The Pelton wheel turbine test rig is supplied as a complete set to conduct experiment on model Pelton wheel turbine test rig in engineering colleges and technical institutions. It has been specially designed to conduct experiment in metric units. The test rig mainly consist of:

    1. A Pelton wheel

2. A supply unit pump to supply water to the above Pelton turbine  

3. Flow measuring unit consisting of a venturimeter and manometer

     4. Piping system and

5. F.R.P sump.

GENERAL DESCRIPTION: 


The unit is essentially consist of casing with larger circular transparent window kept at the front for the visual inspection of the impact of the jet on the bucket, a bearing rotor pedestal, a rotor assembly of shaft, runner and break drum, all mounted on a sturdy cast iron base plate. A rope brake arrangement is provided to load the turbine. Adjusting the spear position by means of a hand wheel fitted with indicator arrangement controls the input to the turbine. The water inlet pressure is measured by a pressure gauge and for the measurement of speed; a hand tachometer is to be used.

An optimum size of sump is provided to store sufficient water from independent circulation through the unit for experiment.


[image: image2.png]Pelion whest




CONSTRUCTIONAL SPECIFICATION: -

1. CASING:
Close grained cast iron having a large circular transparent window.

2. RUNNER:

Cast gunmetal disc fitted with accurately finished gun metal buckets and electroplated.

3. SHAFT:

High carbon special steel for rust free special steel operation and of sample size for high strength.

4. NOZZLE:

Gunmetal designed for smooth flow.

5. SPEAR:

Stainless steel designed for efficient operation.

6. SPEAR SPINDLE:
Stainless steel of liberal size.

7. INLET BEND:
Cast iron, which accommodates the indicator bracket.

8. BALL BEARING:
Double row deep grove rigid type in the casing and double self-aligning type in the pedestal both of liberal size.

9. BASE PLATE:
Cast iron box type ribbed construction.

10. BRAKE ARRANGEMENT:
Consist of a machined and polished brake drum 300      mm. dia cooling water scoop, discharge pipe, standard cast iron dead weights, spring balance, rope brake etc. arranged for loading the turbine. 

11. FINISHED:
High standard suitable for the laboratory use in technical institutions.

TECHNICAL SPECIFICATION
I
PELTON TURBINE

1. Rated Supply Head:
45.0 meters

2. Discharge:              
630 LPM

3. Normal Speed:
          1000 RPM 

4. Power Output:
          3.75 KW (5 HP)

5. No. Of buckets:
          18 Nos.

6. Brake drum diameter:
300 mm


7. Rope diameter:        
16 mm

II
SUPPLY PUMPSET

6. Rated Head:
       53.0 meter

7. Discharge:
630 LPM

8. Rated Speed:                 2880 RPM

9. Power required:             15 HP (11.2 KW)

10. Size:
                            65 mm x 65 mm

11. Type:      
        145, high speed, centrifugal, single end     suction,  volute.

III
 FLOW MEASURING UNIT

1. Size of venturimeter:
65 mm

2. Area Ratio:
                      0.35

3. Manometer:                     Single column Differential

4. Venturimeter constant:
K = 35.7 (Q = k / h)



Where Q in LPM of water, h in mm of Hg. 

BEFORE COMMISIONING 

1. Check whether all the joints are leak proof and watertight

2. Check whether all the electric connections is correct.

3. See that the gauges are mounted on the correct position and their cocks closed.

STARTING UP

Pour adequate water in the stainless steel sump. Make sure before starting that the pipelines are free from foreign matter. Also note whether all the joints are watertight and leak proof. Prime the pump and start it with closed gate valve. The spear in the turbine inlet should bearing and bush bearing in the units are properly lubricated. Then slowly open the gate valve situated above the turbine and open the cock fitted to the pressure gauge and so that the pump develops the rated head. If the pump develops the required head, slowly open the turbine spear by rotating the hand wheel until the turbine attains the normal rated speed (1000 RPM.). Run the turbine at the normal speed for one hour and carefully note the following:

1. OPERATION OF THE BEARINGS, TEMPERATURE RISE, NOISE etc.

2. VIBRATION OF THE UNIT.

3. STEADY CONSTANT SPEED AND SPEED FLUCTUATION IF ANY.

In addition to this on the sump side note the operation of the stuffing box. (The stuffing box should show an occasional drip of water. If the gland is over tightened, the leakage stops but the packing will heat up burn and damage the shaft.

If the operations of the above parts are normal, load the turbine slowly and take readings. To load the turbine standards dead weights are provided with figure stamped on them to indicate their weights. Open the water inlet valve and allow the cooling water carries some cooling water through the brake drum when the turbine runs under load, so that the heat generated by the brake drum away.

Do not suddenly load the turbine, load the turbine gradually and at the time open the spear to run the turbine at normal speed. 

Water turbines are tested in the hydraulic laboratory to demonstrate how test on small water turbines are carried out, on study their constructions, and to give the students a clear knowledge about different types of turbines and their characteristics.

Varying the load, speed and spear setting shall first test turbines. However the net supply head on the turbines tested in which case the power developed by the turbine and the best efficiently speed will also be reduced. Though the turbine can also be tested at higher net supply heads. The supply pump set cannot develop the higher head at the same time maintaining higher rate of flow.

The output power from the turbine is calculated from the readings taken on the brake and the speed of the shaft. The input power supplied to the turbine is calculated from the net supply head on the turbine and discharge through the turbine. Efficiency of the turbine being the ratio between the output and input and can be determined from these two readings. 

The discharge is measured by the 65 mm venturimeter and with the double column differential manometer. Supply head is measured with the help of the pressure gauge (Any calibration error of the gauge, the difference in the level of the pressure gauge and the jet center line should also be taken into account). The speed of the turbine is measured with a hand tachometer.

It is suggested that the turbine shall be tested at normal speed, 3 speeds below normal speed, 3 speeds above normal speed covering a range of +50% of the normal speed for each setting of the spear. If ten such spear positions are about 70 observations can be made and these readings give a goo d range for drawing the characteristics of the turbine.

The run away speeds (the speed of the turbine at no load and at rated condition of supply head) and the pull out torque (the maximum torque at staled speed) may also be observed.

After starting and running the turbine at normal speed for the some time, load the turbine and take readings.     

NOTE THE FOLLOWING: 

     1. Net supply head (pressure gauge reading + height of the gauge center          above the center line of the jet).

2. Discharge (manometer reading)

3. Turbine shaft speed.

4. Brake weight (dead weight plus hanger and rope weight)

5. Spring balance reading.

For any particular setting of the spear first run the turbine at light load and then gradually load it, by adding dead weight on the hanger. The net supply head on the turbine shall be maintained constant at the rated value and adjusting the gate valve fitted just above the turbine can do this. A typical tabular form is given below for the convenience during experiment.

	SL

No.
	Setting of the spear
	Shaft speed

N r.p.m
	Net supply head in meters
	Manometer

Readings

   
	Discharge in LPM
	Brake weight in Kg (w1)
	Spring balance reading in Kg (w2)
	Net break weight (w) 
	Input power 
	Output power 
	Efficiency
	remark

	
	
	
	
	
	
	
	
	
	
	
	
	
	


CALCULATION: -

Shaft horse of the motor =      No. of rev    x     1000x3600      

                                                     T                   736 x Energymeter const.

Where T is the time taken in minutes 

Output of the pump

Delivery pressure = P Kg / cm2x 10= meter.

Inlet pressure = P mm of Hg x .0136 = meter.

Area of the tank = a x b cm =A cm2.

Range of the water level h =10 cm.

Quantity of the water / sec = Q/T m3sec.

Therefore Q=a x h m3

Output of the pump Y = W Q H      = 1000 x Q x  H        =  YHP
                                           75                         75

Mech efficiency of the pump  =    output of the pump

                                                       Input of the pump

Input to pump  = input of motor x motor = K x .70 x .4 =  Z 

                                                                           736 

· Mech = Y / Z X 100%

Draw the following graph: 

i. Q V s Head

VIVA QUESTIONS:-

1. What is Turbine & Pumps (
2.  Pelton turbine is of which type (
3.  What is jet ratio (
4.  What is Draft tube (
5. What is meant by the speed ratio of a pelton wheel ( 
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EXPERIMENT NO:05
FRANCIS TURBINE TEST RIG

(CLOSED CIRCUIT)

AIM: Performance characteristics of Francis turbine.

THEORY: 

         The inward flow reaction turbine having radial discharge at outlet is known as Francis reaction turbine, after the name of J.B Francis an American engineer who is the beginning designed inward radial flow reaction type of turbine. In the modern Francis turbine the water enters the runner of the turbine in the radial direction at outlet and leaves in the axial direction at the inlet of the runner. Thus the modern Francis turbine is a mixed flow type turbine.

INTRODUCTION:

     Closed circuit Francis turbine test rig is supplied as a complete set to conduct experiments on model Francis turbine test rig for engineering colleges and technical institutions. It has been specially designed to conduct experiments in metric units. The test rig mainly consists of 

1. Francis Turbine.

2. A supply pump unit to supply water to above Francis Turbine,

3. Flow Measuring unit consisting of a Venturimeter and manometer

4. Piping system 

5. Sump (mild steel unit)

6. Alternator with rheostat loading.

                   The Francis turbine consists of spiral casing, an outer bearing pedestal and rotor assembly with runner shaft and alternator all mounted on a suitable sturdy cast iron base plate. A straight conical draft tube is provided for the purpose of regaining the kinetic energy from the exit water and also facilitating easy accessibility of the turbine due to locating at a higher level than the tailrace. A transparent hollow perspex cylinder is provided in between the draught bend and the casing for the purpose of observation of flow at the exit runner. Alternator with rheostat bank arrangement is provided to load the turbine. Adjusting can control the output of the turbine, the guide vanes for which a hand wheel and a suitable link mechanism are provided. The net supply head on the turbine is measured by a pressure and vacuum gauge.

An Optimum size of sump is provided to store sufficient water from independent circulation through the unit for experimentation.

03. CONSTRUCTION SPECIFICATON
a. SPIRAL CASING: Is of closed grained cast iron with integrated legs  and 150 mm fitted inlet.

b. RUNNER: Is of gunmetal designed for efficient by a                                                                                                                                                                                                hand wheel through a link mechanism. External dummy, guide vane working inside the turbine.

c. SHAFT: Is of steel accurately machined and provided with gunmetal sleeve at the stuffing box.

d. BALL BEARING: Is of double a row deep groove rigid type in the casing and double row self aligning type in the bearing pedestal both of liable size.

e. DRAUGHT BEND: Is provided at the exit of the runner with a transparent cylindrical window, for observation of flows passes the runner. To the bend is connected a straight conical draught tube of mild steel fabrications of 1200 mm length.

f. LOADING ARRANGEMENT: AC 3 phase externally existed

                    Alternator (4kw).

g. OBSERVATION WINDOW: A transparent perspex hollow   

                    cylinder window for observation for flow passage, through the    

                    runner is provided in between the casing and the draught tube

h. BASE PLATE: Is made of cast iron, box type, ribbed in  

     construction.

i. FINISH: Is of high standard suitable for laboratory use in technical institution.

04. TECHNICAL SPECIFICATION

      FRANCIS TURBINE (REACTION TURBINE)

     1. Rated supply head: 15.0 meters.

2. Discharge: 2000LPM.

3. Normal speed: 1250 RPM.

4. Power output: 3.75KW. (5HP)

5. No. of guide vanes: 10

6. Loading arrangement: Alternator 5 KVR / 3 Phase 4 wire (externally exited)

7. Rheostat load bank: 3 phase 4 wire 4.5 kw in steps of 1 kw, 1kw, 2kw and 0.5kw variable.

SUPPLY PUMPSET

 1. Rated head: 20.0 meters

2. Discharge: 2000LPM.

3. Normal speed: 2880 RPM.

4. Power required: 15HP (11.25KW)

5. Size of pump: 100 mm x 100mm

6. Type: Centrifugal

05.  BEFORE COMMISIONING

1) Check whether all the joints are leak proof and watertight.

2) Check whether all the electric connection is correct.

3) See that the gauges are mounted on the correct position and there cocks closed.

06.  STARTING UP
Make sure before starting that the pipe lines are free from foreign matter. Also note whether all the joints are water tight and leak proof. Prime the pump and start it with closed gate valve. The guide vanes in the turbine bearings and bush bearing in the units are properly lubricated. Then slowly open the gate valve situated over the turbine and open the cock fitted to the pressure gauge and so that the pump develops the rated head. If the pump develops the required head, slowly open the turbine guide vanes through suitable link mechanism until the turbine attains the normal rated speed. Run the turbine at the normal speed (1250 RPM) for about one hour and carefully note the following.

1.Operation of the bearings, temperature rise, noise etc.               

                          2.Vibration of the unit.

                          3. Steady constant speeds an speed fluctuation if any.

In addition to this, one pump notes the operation of the stuffing box. The stuffing box should show an occasional drip of water. If the gland is over tighten the leakages stops but the packaging will heat up burn and damage the shaft.

If the operation of the above parts is normal, load the turbine slowly and take the readings. To load the turbine connects the external excitation unit to the alternator, alternator to the loading rheostat external excitation unit to 230 v/5a single-phase 50Hz, electrical source. While the turbine is running maintain the speed of the turbine at the rated speed (1250). Rotate the dimmer knob provided on the excitation unit observing the digital voltmeter to read 400 volts at RY position of the VSS. Now load the turbine by operating the rotary switches provided on the load bank in steps of ¼ load, ½ load, ¾ load and full load current. Do not suddenly load the turbine, load the turbine gradually.

NOTE: Always maintain the rpm and generated voltage at the rated values on aany load setting, the rpm of the turbine can be varied by gate valve provided on the turbine and voltage by operating the dimmer stat provided on the external excitation unit.

07. EXPERIMENTS

Water turbines are tested in the hydraulic laboratory to demonstrate how to test on small water turbine is carried out, on studying there construction, and to give the students a clear knowledge about the different types of turbines and there characteristics.

Turbines shall be first tested at constant net supply head (at the rated supply of 15m) by varying the load, speed and fluid vane setting. However the net supply head on the turbines tested in which case the power developed by the turbine and the best efficiency speed will also be reduced (power H1.5, Speed H 0.5). Supply tank set cannot develop the higher head at the same tin=me maintaining higher rate of flow.

The output power from the turbine is calculated from the readings taken from the voltage and current. The input power supplied to the turbine is calculated from the net supply head on the turbine and discharge through the turbine. Efficiency of the turbine being the ratio between the output & input and can be determined from these two readings.

The discharge is measured by the hundred mm venturimeter and with the manometer fitted with the calibration scale. Supply head is measured with the help of the pressure gauge calibration error of the gauge should also taken in to account. The speed of the turbine is measured with Dig.RPM indicator.

It is suggested that the turbine shall be tested at normal speed, 3speed below normal speed, 3 speed above normal speed covering a range of +50% of the normal speed for each setting of the guide vanes. If ten such spear position are 70 observations can be made and these readings give a good range for drawing the characteristics of the turbine. The run away speeds (the speed of the turbine at no load and at the rated condition of supply head) and pull out torque (the maximum torque at stalled speed) may also be observed.

After starting and running the turbine at normal speed for some time, load the turbine and take readings.

NOTE THE FOLLOWINGS
1. Net supply head (sum of pressure and vacuum gauge reading).

2. Discharge (manometer readings).

3. Voltage and current readings.

For any particular setting of the guide vanes first run the turbine at light load and then gradually load it. The net supply head on the turbine shall be maintained constant at the rated value and adjusting the gate valve fitted just above the turbine can do this. A typical tabular form is given below for the convenience during experiment

VIII. TABULAR COLUMN
	Sl no
	Setting of the gauge vanes
	Speed in r.p.m
	Pressure Gauge reading in kg/sqcms
	Vacuum Gauge reading in mm Hg
	Manometer reading r in mm Hg 

H=h1-h2

	Voltmeter reading in volts V
	Ammeter

reading in Amps A

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	


IX OBSERVATION

1. Density of mercury -13600kg/cubic meter.

2. Density of water -1000kg/cubic meter.

3. Coefficient of discharge of venturimeter Cd-0.92

4. Dia of pipe d1- 100mm

5. Dia of throat d2- 59mm

6. Acceleration due to gravity-9180mm/sq.sec.

7. Alternator efficiency-80%

8. Meter constant for venturimeter K=84.5 (Q=K √h) where Q in LPM&          h in mm of Hg.

10. IMPORTANT FORMULAS

Efficiency=Brake power ×100

              Input power

Brake power =      V × I ×√3 × CosФ            Hp
                         736× Alternator efficiency

           Where V =Voltmeter reading in volts.

                       I   = Ammeter reading in Amps × 20

                 CosФ = 0.80

Input power = Supply head in meters × Discharge in LPM   Hp

                                                  4500

Where Supply head = (Pressure gauge reading × 10 + Vacuum Gauge reading in mm Hg × 0.0136)4560 Discharge reading by venturimeter (Mentioned in observation table)

The value of constant depends on units in which power is measured. The value of the constant for different units of power is given below.

     Power in Kilowatts                              Constant        
6120

Power in metric Horsepower               Constant        
4500

Power in British Horsepower              Constant        

11. TO SHUT DOWN

Before switching off the supply pump set, first reduce the loads in steps backwards towards zero. Slowly close the guide vanes to its full closed position. Then close gate valve just above the turbine. Manometer cocks and venturimeter cocks should be closed in order to isolate the manometer. Then switch off the supply pump set when turbine is working.

VIVA QUESTIONS: -

1. Francis turbine is of which type (
2. What is axial flow reaction turbine (
3. Differentiated between an inward & an outward flow reaction turbine (
4. What is the basic of selection of a turbine at a particular place ?

5. What is cavitations ( How can it be avoided in reaction turbine ?

6. Define governing of turbine (
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EXPERIMENT NO:06

WIND TUNNEL APPARATUS
AIM: Study of wind tunnel.

PRACTICAL RELEVANCE: Mathematical analysis of engineering problem is less expensive than experimental studies. But mathematical solutions are always based on sum assumptions.  In modern practice and experiments may be performed on the models with a fluid convenient to work with. The results of such experimental investigation on a model are then applied to a fluid, with which the proto type has to work. Wind tunnel system is one such device for the experimental study of models with air as an experimental fluid. Wind tunnel studies of models find wide applications in the aerodynamic design of aircrafts, turbines, compressors etc.

THEORY:

               The purpose of designing a wind tunnel is to create the required fluid conditions for the scaled model test with minimum power consumption at a very low cost.

             Wind tunnels are employed for experimental studies of objects such as aerofoil and aerofoil cascades turbine nozzles and compressor blade, aeroplanes, spacecrafts, torpedoes, automobiles, toll buildings, chimneys, transmission and television towers, suspension bridges, or whatever can be conceived.

                        If flow distribution, pressures, velocities, forces, momentum etc. developing on and around an object or model are thoroughly investigated, ideally life model should be studied but it would be costly to design, manufacture, install and operate the huge wind tunnel. Therefore scaled down models of the objects are manufactured and tested. However, there are situations where real, life models of objects such as torpedoes, ammunition shells or small high-speed aircrafts used in defense helicopters etc. are investigated. The aerodynamic conditions for the model test are usually determined by considerations of dynamic similarity by producing steady uniform wind streams around full-scale body i.e. fluid dynamic studies. A good wind tunnel should attain a Reynolds number of any thing in the range of 1.5 x 106 to 2.5 x 106 per meter of test section. This will need large air velocities in the test section. Once the velocities and test section size is known mass flow delivered by a fan can be determined.

   TYPES OF WIND TUNNELS 

        On the basis of the wind speed, the wind tunnels may be divided into the following two classes –

Low speed wind tunnels:
        In this inertia and viscosity are predominant factor and the influence of compressibility is negligible. Thus for the same Reynolds number for model and prototype, a difference in velocity is unimportant.

High speed wind tunnels:

        Tunnel of this type are intended for the investigation of flows in which the forces due to inertia and compressibility (rather then the viscosity) are of major importance, so that the predominant similarity criterion is based on equality of Mach number. Usually we refer to high-speed tunnel in which the free steam Mach number is less than unity as super-sonic tunnels.

Classification Based on Design:

They may be of two types-

a) Open circuit   b) Closed circuit.

(a) Open circuit wind tunnel: In open circuit wind tunnel, the air that flows through the fan returns to the intake in any natural manner, the tunnel being housed in open atmosphere, every time fresh air enters the tunnel.

(b) Closed circuit wind tunnel: in closed circuit wind tunnel air after passing through the test section is returned to the intake through a continuous path provided for it. All the modern wind tunnels have four essential components-

THE EFFUSER: 

                 This is placed in up-stream of the working section. In it the fluid is accelerated from rest at the up-stream end to the required conditions at the working sections. The effuser may contain gauge screens or other devices to reduce the turbulence and to produce a uniform air stream at exit.

The working section:

The model to be tested is placed in the steady uniform air stream leaving the down stream end of the effuser and the required observations are made. The working section may be bounded by rigid walls in which case the tunnel is called a Closed throat tunnel, or by air at a different velocity (usually at rest), in which case the tunnel is referred to as an ‘open jet’. 

THE DIFFUSER:

The function of the diffuser is to convert the kinetic energy of the air stream leaving the working section into pressure energy, as efficiently as possible.

The Driving unit:

To compensate the losses due to kinetic energy being dissipated as heat in velocity, eddying motion and turbulence, power must be supplied continuously to maintain steady uniform flow with a driving unit in low speed wind tunnel it is the fan or propeller.

Fan:

It is use the supply energy losses into the low speed wind tunnels.

In most cases this fan is of a simple single stage design with blade of fixed pitch but in some cases where operation over a wide range of velocities and working pressure is required a to stage fan. To avoid high tip speed and to allow disturbances to decay before the flow reaches the working section the fan is placed at a point in the tunnel where the velocity is low.

In an open circuit wind tunnel the fan may be kept either at the entrance to the diffuser or downstream of the diffuser. 

Fan blades are well-designed aerofoil sections fan imparts whirl velocity to the flow vanes must be provided to neutralize the whirl developed in air.

Perforated plate or wire mesh:

     Perforated plate or wire mesh is provided before the fan so that the light objects papers etc. do not fly through and cause damage to the installation.

Electric motor with variable speed control:

Wind tunnel work demands a close control over the Reynolds no. Hence variable speed control of the fan motor assembly is of great importance. The present day A.C motors can be fitted with step less speed control regulator.

Settling chamber:

Air travels in all possible direction in chaotic manner velocity fluctuations and vortices are part of its game. The aerodynamic testing at laboratory level demands that air should travel in streamlines, be free from large disturbances and have small amount of turbulence. Intensity level of turbulence and knowledge of Reynolds no. both help in comparing the test results obtained from different tunnels.

For testing of aerofoil blades in cascade and boundary layer investigations a turbulence level of the order of 0.3 to 0.4 percent is suggested. In order to achieve this blower is made to deliver air into a settling chamber. This chamber is designed such that almost all kinetic energy associated with velocity is converted into pressure energy. A settling chamber is best designed if the velocity of air in it very nearly zero. It has been agreed that for unit cross sectional area of nozzle or best section the area of settling chamber is about 8 to 10.

Honeycombs and fine wire meshes:

On its way to nozzle and test section air comb settling chamber passes through honeycombs where it is chopped up in smaller uniform stream. In this way an improved uniform steady flow conditions is obtained in a test section. Gauges or screens are fine wire mesh. Since the scale of the eddies introduced by a screen depends on the Reynolds number based on the dia. of the wire from which it is constructed and eddies are shed if the Reynolds number is less then 40 the screen should be made of wire of small dia. to get a uniform flow. Low turbulence levels can be obtained with be use of these fine screens. Honeycomb and wire mesh add to the energy loss in a tunnel.

Nozzle or contraction:

Nozzle or a contraction must be designed so as to ensure a gradually increasing velocity from settling chamber to test section. Viscous affect on the wall affect the flow and gradual increase in velocity has been noticed only along the centerline. Curves depicting radius of a contraction section as a function of a distance from the test section are given in books on wind tunnel and may be used carefully.

Features of laboratory wind tunnel:

The wind tunnel has got the following features –

1. Aerodynamically contoured contraction.

2.   Flow velocity control.

3. Removal perpex windows for flow visualization.

4. General-purpose probe holder for fixing to sides.

5. Flow generating fan.

6. Honeycomb and graded screen at air entry for uniform steady air flow.

7. Constructed out of seasoned teak wood. 

Specifications:

1.Working sections                    = square 300mm x 300mm.

     Length of transparent section = 1000 mm

2. Air velocity                            =obtainable wind speed up to 30 m/s

3. Flow generator                       = fan, 3 H.P

4. Blower speed                          = 2500 to 3000 rpm, variable-in steps.

Instrumentation:

1. Pitot tube: it is essentially a velocity measuring instrument, consisting of a tube of small dia. Having rounded nose with a small hole drilled at the tip of the nose. Velocity at any point is related by

                          V  = (  2g.H

         Where       H = head causing flow in cm, in terms of difference in water column.

2. Pitot-static tube: it senses the stagnation and static pressure to provide flow velocity and consists of two coaxial cylindrical tubes, internal tube has opening at the tip for stagnation pressure and the external tube has holes on the circumference to sense static pressure.


              V =       2 ( PSTAG  -  PSTATIC )   
                     (               (
Where   V = velocity of air in m/sec.

                Pstag  = stagnation pressure in cm. of water column.

                Pstatic = static pressure in cm of water column.

· = Density of air in kgm/m3  

3. Manometer:

      Manometer consists of a transparent glass tube bent in the form of elongated ‘U’ and can be filled either by water or mercury. Manometer is of two forms – 

a) Multi-manometer in which number of U tube are stacked together for multipoint pressure measurement. 

b) Multi-tube manometer in which a reservoir exposed to atmosphere is connected to number of glass tubes for pressure gradient studies.

4. Smoke generator:

                     Smoke generator generates smokes for flow visualization   studies in wind tunnel available in two models. 

                  a) Gravity fed.

                  b) Pressure fed using pump

                     Smoke is supplied through smoke probe or injection. 

5. Aerofoil for theoretically computing the lift and drag forces along with relevant graphs for lift and drag coefficient of NACA 0012 wing section obtained from standard wing section. 

6. Digital force indicator to gate readings for lift and drag measurement 

7. Strain gauge balances for sensing lift and drag forces. 
EXPERIMENT NO:07
HYDRAULIC ACCUMULATOR

       AIM: To study the hydraulic accumulator.
THEORY:

          Hydraulic accumulator is a device used to store the energy of liquid under pressure and make this energy available (as a quick secondary source of power) to hydraulic machines, such as presses, lifts and cranes. In case of hydraulic crane or lift, the liquid under pressure needs to be supplied during upward motion of the load only. This energy is supplied from hydraulic accumulator. But when the lift is moving downward, no large external energy is required and during that period the energy from the pump is stored in the accumulator.

The function of hydraulic accumulator is analogous to that of the flywheel of a reciprocating engine and an electric storage battery. It damps out pressure surges and shocks in the hydraulic system, and thus it functions as a pressure regulator.

SIMPLE HYDRAULIC ACCUMULATOR

CONSTRUCTION AND WORKING:

                     It consists of a fixed vertical cylinder, containing a sliding ram/plunger. A load/weight is placed on the top, to create pressure in the cylinder chamber. One side of the cylinder is connected to the pump and other side to the machine in the beginning; the ram is at the lowermost position During idle periods to driven machine (say crane or lift) high-pressure liquid supplied by the pump is admitted in the hollow space of the cylinder, it raises the ram, on which the heavy load is placed. Flow of more liquid continues till the ram is at its uppermost position; at this position, the cylinder is full of water and the maximum amount of pressure energy is accumulated. This accumulated energy is alley discharged to the driven machine, during its working stroke (i.e. when it requires maximum amount of energy).

.
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DIFFERENTIAL HYDRAULIC ACCUMULATOR

The advantage of this accumulator is that liquid can be stored at a high pressure by a comparatively small load on the ram.  It consists of a fixed vertical ram/plunger inside which is provided a central liquid passage of small diameter. This fixed cylindrical ram/plunger is surrounded by closely fitting brass bush, which is surrounded by an inverted sliding cylinder having a circular projected collar on which weights are placed. Passages for liquid to enter and leave the unit are provided in the fixed ram; and connected to the inlet and outlet pipes.

The liquid supplied from the pump enters the cylinder through central vertical hole provided in the fixed ram and causes the loaded cylinder to move upwards, thus storing the hydraulic energy. When the liquid is  drawn  by  the  machine  from  the accumulator,  the  liquid  leaves  the cylinder through the same central hole. The liquid entering the cylinder exerts pressure on the annular area of the cylinder, which    is    equal    to cross-sectional area (horizontal) [image: image6.png]- Fixed ram
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VIVA QUESTIONS:

1. What is a hydraulic accumulator?

2. Write the working of a simple hydraulic accumulator?

3. Write working of a differential hydraulic accumulator?

4. What is the capacity of an accumulator?

5. What are the advantages of hydraulic accumulator?

EXPERIMENT NO: 08

HYDRAULIC INTENSIFIER

AIM: To study the hydraulic intensifier.
THEORY:
          Hydraulic intensifier is a device, which increases the intensity of pressure of a given liquid with the help of low-pressure liquid of large quantity. It finds its application at places where a liquid of very high pressure is to be developed from available low pressure. It is located between the pump and the machine (e.g. press, crane, lift) that needs high-pressure liquid for its operation. Its action is similar to that of a step-up electrical transformer.

 CONSTRUCTION AND WORKING: 

                       An hydraulic intensifier consists of a fixed ram surrounded by the sliding cylinder, which is itself encased in a bigger and fixed cylinder. The sliding cylinder contains water at high pressure (which is supplied to the machine through fixed ram) whereas the fixed cylinder contains water from the main supply at a low pressure. Initially when the sliding cylinder lies at the bottom of the stroke, the fixed cylinder is full of low-pressure liquid. The valves V2 and V4 are then closed; the valve V1 opened thus admitting the low pressure liquid in to the sliding cylinder. The valve V3 is also opened which permits the low-pressure liquid from the fixed cylinder to be discharged to the exhaust and the sliding cylinder to move upward. When the sliding cylinder reaches its topmost position the inside of the sliding cylinder is full of low-pressure liquid.

        The valves V1 and V3 are then closed and the valves V2 and V4 are opened. The low-pressure liquid (from supply) then enters the fixed cylinder, and forces the sliding cylinder to move downward; pressure of liquid beneath is raised and the high-pressure liquid is supplied to the driven machine.

[image: image7.png]‘ Low pressure liquid
~1 ] from supply

L == - V3

::. > To exhaust
) 3

Low pressure
hquid

- Fixed cylinder

Sliding ram or

cylinder e )

k <L~ High pressure
liquid

liquid from l i 4

supply

o
F—) ; :-I/ Loe— Fixed ram
Low pressure =

IV,,

High pressure liquid to machine
Hydraulic intensifier.




VIVA QUESTIONS:
1.What is a hydraulic intensifier?

2.Describe the working of a hydraulic intensifier?

3.What is a hydro pneumatic intensifier?

4.What is a steam intensifier? 

5. What are the advantages of hydraulic intensifier? 

EXPERIMENT NO:09

HYDRAULIC RAM

AIM: To study the hydraulic ram.

THEORY:

Hydraulic ram is device with which small quantities of water can he pumped to higher levels from the available large quantity of water of low head. It works on the principle of water hammer.

CONSTRUCTION:  

It consists of a valve box wherein low headwater flows. The box contains a waste valve V1 that opens inwards, and a delivery valve V2, which opens outwards. Both the valves V1 and V2 are non-return valves that allow the flow only in one direction. Valve V2 communicates with an air vessel, which is connected to the delivery tank through a delivery pipe.
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WORKING:

 It works on the principle of 'water hammer'. When a flowing liquid is suddenly brought to rest, the change in momentum of liquid mass causes a sudden rise in pressure. This rise in pressure is utilized to raise a portion of the liquid to higher levels.

— Initially the water flows down the supply pipe, the valve V is open and water escapes through it to waste.

        — As the velocity of flow in the supply pipe increases, dynamic       pressure on the underside of valve V1 becomes amply high so as to lift the valve V, and ultimately close it.

        — Due to quick closure of valve V1water in the supply pipe is           suddenly brought to rest and consequently pressure in the valve box increases.

— The increased high pressure lifts the valve V2 and a part of water         enters the air vessel. Subsequently air pressure inside the air vessel increases and that forces water to delivery tank through the delivery pipe.

As soon as momentum of water gets destroyed in the valve box, valve V2 closes and the valve V1 opens (the pressure in the valve box falls below the atmospheric pressure momentarily); the flow of water from supply tank recommences and the cycle is repeated. The air vessel provides storage and helps to regulate the flow at the delivery end.

Characteristic features of hydraulic ram

The characteristic features of hydraulic ram are as follows:

1. It works automatically and requires very little maintenance.

2. It does not need any external energy to pump water, but it works at the cost of large quantity of water.

3. Negligible running cost.

4. Due to absence of moving parts, frequent oiling is not required.

5. It is particularly suitable for pumping water from rivulet for irrigation purposes. It can be used for supplying water to remote regions where other means of pumping water to higher heads are not available.

            With the increasing availability of electric power to drive pumps even at remote places, hydraulic ram is becoming absolute. However it is used in that place where plenty of water can be wasted.

VIVA QUESTIONS: 

1. Draw a neat sketch of hydraulic ram?

2. Describe the working principal of hydraulic ram?

3. What is hydraulic ram? 

4. Draw performance curve of hydraulic ram?

EXPERIMENT NO: 10

HYDRAULIC CRANE

AIM: To study the hydraulic crane.

THEORY: 

          Hydraulic crane is a device, which is used for lifting heavy loads (up to 25 MN). It is widely used in docks for loading and unloading ships, warehouses, and foundry workshops heavy industries.

CONSTRUCTION: 

     A hydraulic crane consists of a crane and a hydraulic jigger. The crane has a central mast from which a tie and a jib are fixed. The mast is fixed on a pedestal, which can revolve. The load can be lifted and moved around the crane area depending upon the length of the jib. The load is suspended by a wire rope, which passes over a pulley at the end of the jib and over the tie-rod to the hydraulic jigger. The hydraulic jigger consists of a cylinder and a ram at the end of which pulleys are attached. The pulleys enable to increase the velocity ratio between the wire rope and the ram (A four sheave pulley block system will have a velocity ratio 4:1, thus the load suspended at one end of the wire rope will move with 4 times the speed of the ram).

WORKING:

    When the load is to be lifted by the crane, liquid under pressure is admitted to the cylinder of the jigger; the liquid forces the sliding ram to move vertically up. Due to the movement of the ram in the vertically upward direction, the movable pulley block (attached to the ram) also moves upward. The distance between the two pulley blocks increases, the wire

is rope is pulled and the load is lifted up.  Lowering of the load is achieved by removing the liquid from the cylinder of the by Jigger through the outlet valve. As the liquid leaves the cylinder, the distance between the two sets of pulleys decreases which results in releasing more length of the wire rope and the load gets lowered.

The lifting speed of a modern hydraulic crane may be about 75 m per minute. However, the electric cranes have replaced hydraulic cranes these days.
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VIVA QUESTIONS:
1.What is a hydraulic crane?

2.Describe the working of a hydraulic crane?

3.Write the use of hydraulic crane?

4.What is mechanical advantage?

5. What is a velocity ratio? 
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